Introduction
============

Acute stress can be harmful to performance. In a real world setting, high levels of stress have been known to cause individuals to "choke under pressure," resulting in suboptimal performance ([@B4]). "Choking under pressure" has been found to occur in both physical settings, such as high-stakes sporting events ([@B2]), and in classroom settings, such as during important exams ([@B4]). Acute stress seems particularly detrimental to performance on tasks that require high levels of sustained attention. In the laboratory, acute stress has been shown to lead to higher rates of error on tasks requiring high levels of sustained attention ([@B33]).

Because acute stress is harmful to performance, there has been a recent interest in developing stress reduction interventions. Expressive writing, particularly about negative events such as current anxieties, has been shown to lead to *improvements* in performance ([@B11]), even in a high-stress environment ([@B35]). Although this outcome is counterintuitive, it has been proposed that writing about negative life events leads to positive outcomes because it relieves stress that normally occurs as a result of attempting to inhibit thoughts about these negative life events ([@B31]). However, the assertion that stress reduction is the mechanism by which expressive writing about negative events leads to positive outcomes has been understudied. Specifically, writing about failures has been shown to lead to performance improvements on tasks requiring sustained attention ([@B11]). However, it remains unknown whether writing about failures improves sustained attention because writing about failures reduces stress, or because it allows an individual to perform better *despite* experiencing physiological stress, perhaps by boosting psychological resources ([@B19]). If writing about past failures prior to an acute stressor reduces stress, then we would observe a reduction in endocrine response to that acute stressor, along with less of an impairment on performance in a sustained attention task following stress.

Acute stress has been shown to activate the hypothalamic-pituitary-adrenal (HPA) axis, resulting in the release of the hormone cortisol in both animals and humans ([@B17]). Furthermore, cortisol reliably peaks in the saliva in humans about 20 min after an individual experiences a stressor ([@B23]; [@B10]). However, there is evidence that this response can be buffered with proper stress-reduction interventions ([@B37]). Thus, measuring cortisol during and after a laboratory stressor may shed light on whether expressive writing about a negative event prior to stress can act as a stress-reduction intervention.

In the current study, we examined whether expressive writing about a past failure reduces one's cortisol response to a new psychosocial stressor. We hypothesized that experiencing a psychosocial stressor would result in an increase in cortisol, but writing about a failure before experiencing the stressor would attenuate this cortisol response. We also examined whether expressive writing about past failures improves performance on a task requiring persistent, sustained attention directly after experiencing psychosocial stress. We predicted that stress would harm performance, and that writing about a past failure would attenuate this effect.

Materials and Methods {#s1}
=====================

Participants
------------

One hundred and two participants were recruited from the surrounding area of Rutgers University, Newark. Our sample size was based on the performance effect of [@B11] and the cortisol effect of [@B23]. We also ran an additional power analysis based on the averaged effect size from two previous studies that utilized stress interventions (*f*^2^ = 0.28) on cortisol after the Trier Social Stress Test (TSST) ([@B15]; [@B16]). With stress group, writing group, and gender as factors, as well as an error probability of 0.05, this analysis suggests a total sample size of 86 participants. We are therefore confident that our sample size meets adequate power requirements.

The study was approved by the Institutional Review Board at Rutgers University. Participants (mean age = 24.09, *SD* = 7.36; 54% female; 21% white/Caucasian, 25% black/African American, 34% Asian, 1% Native American, 12% "other") were paid \$15 for 1.5 h of participation. All participants completed the study between 1 and 5 p.m., in order to control for circadian fluctuations of cortisol ([@B10]). Subjects were naive to the purpose of why the saliva samples were being collected. Our saliva testing lab alerted us that two participants produced saliva samples that were contaminated (presumably from food content in the saliva); therefore, their data were not analyzed. Two additional participants' data were removed from analyses after participants failed to follow instructions (i.e., did not write about their assigned writing prompt).

Task
----

### Procedure Timeline

Six cortisol samples were obtained throughout the experiment using salivary cheek swabs. After arriving at the laboratory and following giving written consent, participants provided the first salivary cortisol sample (T0), which served as a baseline measurement. Participants were then pseudo-randomly assigned to complete the "failure" or "control" writing manipulation (see below for a detailed description of the writing manipulation). After completing the 10-min writing manipulation, a second salivary cortisol sample was obtained (T1; 15 min elapsed since T0; 20--25 min since arrival). Participants were then pseudo-randomly assigned to complete the TSST ([@B23]) or a control task. After completing the TSST or control task, a third saliva sample was taken (T2; 35 min elapsed since T0). Participants then completed the sustained attention to response task (SART; [@B26]; [@B11]) immediately after completing the TSST to examine the effect of psychosocial stress on attentional performance. Halfway through the SART, a fourth saliva sample was obtained (T3; 55 min elapsed since T0). Finally, the fifth saliva sample was collected at the conclusion of the SART (T4; 70 min elapsed) and the sixth was collected at the conclusion of the survey battery (T5; 85 min elapsed). See **Figure [1](#F1){ref-type="fig"}** for experimental groups and cortisol timeline.

![Experimental method. **(A)** Participants were assigned to one of four conditions in which they wrote about a failure or a control topic, and then experienced a stressor or control activity. **(B)** Six salivary cortisol samples were obtained throughout the experiment. Because previous research has found that cortisol peaks about 20 min after a stressor is experienced, all samples represent peak cortisol as a result of the previous event.](fnbeh-12-00045-g001){#F1}

#### Cortisol collection and assay procedures

Participants were asked to refrain from eating or drinking anything (besides water) at least 1 h prior to participating in the study. Salivary cortisol samples were collected using Salimetrics Oral Swabs. Participants were asked to hold swabs in their cheek for approximately 2 min and to saturate each swab as much as possible with saliva. After this time elapsed, participants were asked to spit the swab into a Salivette vial. Vials were stored in a freezer at -20° before being shipped on dry ice to Salimetrics LLC (Carlsbad, CA, United States), where each sample was assayed twice. The intra-assay variability was 4.66% and the inter-assay variability was 4.47%.

#### Writing manipulation

Participants were pseudo-randomly assigned to complete a writing manipulation adapted from [@B11]. In the "failure" condition, participants saw a prompt on a computer screen that asked them to spend the next 10 min writing about a difficult time in which they did not succeed. They typed their response on the computer. Participants pseudo-randomly assigned to the "control" condition were prompted to write about the plot of a movie they had recently viewed. In order to control for the effect of mood, a follow-up study verified that asking participants to write about a sad movie did not have an effect on attentional performance, suggesting that mood alone is not likely to be the mechanism by which failure writing improves performance on the SART (see Supplementary Material).

Since previous research has found that individual differences within each writing sample (e.g., emotional intensity) can lead to individual differences in outcomes ([@B18]), two research assistants blind to cortisol and behavioral results read each participant's writing sample and coded the writing sample for the following five elements: valence (overall positive and negative tone of writing), emotional arousal (i.e., a rating pertaining to how emotional the sample was), compliance with the prompt, relation to oneself, and relation to persistence). Each category was rated with a single score from 1 to 5.

#### Trier Social Stress Test (TSST)

Immediately after completing the writing manipulation, participants assigned to the stress condition completed the TSST ([@B23]). The TSST proceeded as follows: the experimenter asked participants about their current career or major, and probed them about their "dream job." Then, participants were told they would have 6 min to prepare a 5-min speech about why they possess the qualities for their "dream job." They were also told that they would have to give their 5-min speech in a job-interview format to a "speech expert" while being videotaped and behaviorally analyzed (the "speech expert" was actually a research assistant from the lab). While the participant gave his or her speech, the confederate responded in a cold and unsympathetic manner. If participants did not take the entire 5 min to complete the speech, the speech expert alerted them of the time remaining, and asked them to continue. After 5 min, the speech expert asked the participant to count backwards from 2063 by 13. If the participant made a mistake, he or she was asked to start over from 2063. After 5 min, the speech expert asked the participant to stop.

Participants pseudo-randomly assigned to the control task were probed about their career goals, and then were asked to complete an innocuous personality survey tapping the five OCEAN personality traits for 16 min while alone in a testing room.

#### Sustained Attention to Response Task (SART)

Immediately following the conclusion of the psychosocial stress manipulation or control task, all participants completed a SART ([@B26]; [@B11]). In this simple "go/no-go" task, participants were told to press the space bar as soon as a letter appeared on the screen, unless that letter was a vowel. Participants were given 2 s to respond to each trial, and the entire SART lasted about 30 min in order to require persistent attention to complete. There were 600 trials, and 20% of trials were vowels (all letters were included except Y).

#### Survey battery

After completing the SART, participants provided information about demographics and daily habits, including smoking habits, contraceptive use, and information about menstrual cycles, since these factors may affect cortisol levels. Furthermore, we distributed a survey battery so that we could explore whether individual differences in cortisol response or SART performance were related to personality traits. The battery included the General Causality Orientations Scale, which assesses intrinsic vs. extrinsic motivations, as well as how much an individual believes circumstances are mostly a matter of luck ([@B9]); the Connor-Davidson Resilience Scale, which measures individual differences in trait resiliency ([@B7]); and the Achievement Goal Questionnaire, which examines preference for wanting to achieve goals in order to master a new skill, perform well, or avoid failure ([@B13]). Surveys that examined emotional tendencies included the Beck Depression Inventory-II ([@B3]), and the Perceived Stress Scale ([@B6]), which assesses the extent to which stressors have felt uncontrollable in the last month. The Marlow-Crown Social Desirability Scale was also included to measure any bias in responding on the survey battery ([@B8]). Surveys were completed on a computer via the website [@B34] (Provo, UT, United States) and presentation order was randomized by the computer to prevent order effects.

Analyses
--------

### Cortisol

#### Preprocessing

Before conducting cortisol analyses, in order to fulfill the requirement for homoscedasticity required for most statistical tests, we examined the skewness of the cortisol measure at each of our 6 timepoints. Across all subjects, every timepoint had a positive skew, averaging 2.01 across all 6 timepoints. Therefore, we performed a power transformation to normalize our cortisol data. Based on a review by [@B29] that examined the most effective transformations for cortisol time course data, we selected the power transformation x' = (x^0.26^ - 1)/0.26. After transformation, the skew of all timepoints averaged 0.04. Since there are individual differences in baseline cortisol values, we subtracted each transformed T0 value from the remaining five transformed cortisol timepoints ([@B27]). All following analyses use these transformed and baseline-adjusted values.

#### Preliminary manipulation checks

We conducted several preliminary analyses to ensure that our findings were not a result of extraneous variables. First, we conducted a two-way ANOVA examining main effects and an interaction effect of stress group and writing group on the T0 cortisol measurements to ensure that there were no significant differences in baseline cortisol between groups.

We conducted a one-way ANOVA that examined the effect of writing group on cortisol levels at time point T2 (i.e., peak cortisol response since the writing exercise) to examine whether individuals who wrote about a failure showed an increase in cortisol in comparison to individuals who wrote about a control topic. In other words, we sought to ensure that the failure writing exercise did not itself act as an acute stressor.

Since previous studies have shown that gender can influence cortisol levels ([@B22]), we also conducted a three-way ANOVA that examined the effect of gender, stress, and writing group on cortisol levels using an area under the curve with respect to increase (AUCi) analysis ([@B32]). We utilized the trapezoidal method, with T0 as our baseline value and points T1--T5 as points in the analysis. Furthermore, since oral contraceptive use has been shown to affect cortisol responsivity ([@B22]), among our female participants, we conducted a one-way ANOVA that examined the effect of oral contraceptives on AUCi for female participants. We also tested if smoking habits affected peak cortisol levels by examining whether the number of cigarettes smoked per week significantly correlated with AUCi levels.

#### Main analysis

We conducted a two-way ANOVA examining the effect of writing group and stress group on the AUCi of participants' cortisol responses. Since we hypothesized that writing about a past failure would attenuate the release of cortisol, we expected to find a significant interaction of stress group and writing group on AUCi levels.

### Behavior

To examine if reflecting on failures improved performance on the SART after a stressor, we conducted a two-way MANOVA examining the effects of stress group and writing group on errors of commission on the SART (i.e., pressing when the correct answer should be to omit a response), errors of omission on the SART (i.e., failing to press when the correct answer should be to respond), and reaction time on the SART. To examine whether individual differences in cortisol response predicted performance effects, we added AUCi cortisol values as a continuous predictor.

### Writing Sample Content and Survey Battery

To explore how individual differences related to cortisol response or SART performance, we conducted correlations examining the relationships between (1) baseline cortisol, (2) AUCi of participants' cortisol levels, (3) SART errors, (4) SART reaction time, (5) scores from all questionnaires in the survey battery, and (6) writing sample ratings.

Results
=======

Cortisol Results
----------------

### Results of Manipulation Check Analyses

We conducted several analyses to ensure that our main results were not caused by extraneous variables. To ensure that groups did not differ with respect to cortisol at baseline, we conducted a two-way ANOVA examining the effects of stress group and writing group on baseline cortisol. This analysis did not yield significant main effects \[stress: *F*(1,95) \< 0.01, *p* = 0.962, $\eta_{p}^{2}$ \< 0.01; writing: *F*(1,95) = 0.38, *p* = 0.540, $\eta_{p}^{2}$ \< 0.01)\] or an interaction effect, *F*(1,95) = 1.95, *p* = 0.166, $\eta_{p}^{2}$ = 0.02. Moreover, the ANOVA that tested whether the two writing groups differed in cortisol level after the writing manipulation did not yield significance, *F*(1,95) = 0.16, *p* = 0.686, $\eta_{p}^{2}$ \< 0.01, suggesting that writing about past failures itself did not cause a differential increase in cortisol.

Groups also did not differ significantly from each other in gender, χ^2^ = 0.83, *p* = 0.843, *W* = 0.18, or age, *F*(1,95) = 1.68, *p* = 0.199, $\eta_{p}^{2}$ = 0.02. See **Table [1](#T1){ref-type="table"}** illustrating the number of female and male participants in each group. Although we found a significant effect of gender on AUCi values of cortisol, *F*(1,95) = 6.32, *p* = 0.014, $\eta_{p}^{2}$= 0.07, we did not find a significant interaction of stress group and gender on AUCi values, *F*(1,95) = 0.04, *p* = 0.843, $\eta_{p}^{2}$\< 0.01, nor did we find a significant interaction of writing × gender, *F*(1,95) = 0.20, *p* = 0.656, $\eta_{p}^{2}$ \< 0.01. Our results suggest that although males in our sample tended to have higher cortisol than the females in our sample, these results were not a result of our stress and/or writing manipulations.

###### 

Number of male and female participants across conditions.

                                  Female   Male
  ------------------------------- -------- --------
  Failure Writing × TSST          15       9
  Control Writing × TSST          12       12
  Failure Writing × Filler Task   13       11
  Control Writing × Filler Task   15       11
  **Total**                       **55**   **43**

When examining changes in cortisol within our female participants, we did not find a significant effect of oral contraceptives on AUCi values of cortisol, *t*(53) = -0.73, *p* = 0.467, *d* = 0.46. However, only 4 of the 55 women in our sample reported taking oral contraceptives, and all 4 of these women were in the non-stress condition (3 failure writing and 1 control writing). Furthermore, removing these women from our data analysis led to qualitatively similar results. Moreover, the number of participants in each week of menstrual cycle did not differ across condition, χ^2^ = 9.54, *p* = 0.656, *W* = 0.02, nor did day in menstrual cycle significantly correlate with AUCi values across all female participants, *R* = 0.05, *p* = 0.745, or within female stress subjects, *R* = 0.15, *p* = 0.462. See Supplementary Material for Table detailing number of participants in each week of menstrual cycle across conditions.

Groups did not differ from each other in terms of proportion of smokers (failure writing and TSST, *n* = 2; control writing and TSST, *n* = 1; failure writing and filler task, *n* = 1; control writing and filler task, *n* = 1) and non-smokers (failure writing and TSST, *n* = 22; control writing and TSST, *n* = 24; failure writing and filler task, *n* = 23; control writing and filler task, *n* = 24), χ^2^ = 0.17, *p* = 0.876, *W* = 0.08. Furthermore, we did not find a significant correlation between number of cigarettes smoked per week and AUCi levels of cortisol, both across all participants, *r* = -0.18, *p* = 0.083, and within just the stress participants, *r* = -0.231, *p =* 0.113.

### Writing About Failures Buffers Physiological Stress Responses to the TSST

When examining the effect of stress group and writing group on AUCi values of cortisol, we did not find a significant main effect of stress on AUCi, *F*(1,95) = 2.16, *p* = 0.145, $\eta_{p}^{2}$= 0.02. Moreover, we did not find a significant effect of writing on AUCi values, *F*(1,95) = 0.01, *p* = 0.923, $\eta_{p}^{2}$\< 0.01. In line with our hypothesis, we found a significant interaction effect of stress group × writing group, *F*(1,95) = 4.61, *p* = 0.034, $\eta_{p}^{2}$= 0.05. These results suggest that those who wrote about a past failure before undergoing the TSST exhibited significantly reduced cortisol levels.

We also conducted several least-squared differences *post hoc* analyses that examined group differences in AUCi values of cortisol. Specifically, in the control writing groups, the stress manipulation significantly increased cortisol (mean AUCi difference = 19.01, *p* = 0.011). However, this was not the case among participants who wrote about a past failure (mean AUCi difference = 3.56, *p* = 0.636). Thus, our findings suggest that writing about a past failure before undergoing acute stress significantly attenuated the cortisol response to a psychosocial stressor (**Figure [2](#F2){ref-type="fig"}**). See **Table [2](#T2){ref-type="table"}** for AUCi results across groups, and **Table [3](#T3){ref-type="table"}** for complete results of the two-way ANOVA.

![Results. T0 = baseline; T1 = finish writing, 15 min since baseline; T2 = 10 min since stressor onset, 35 min since baseline, expected peak cortisol after writing; T3 = 30 min since stressor onset, 55 min since baseline, expected peak cortisol after stressor; T4 = 45 min since stressor onset, 70 min since baseline; T5 = 60 min since stressor onset, 85 min since baseline. Participants who were subjected to the psychosocial stressor exhibited cortisol increases from baseline (blue line), especially at peak cortisol since stressor conclusion (T3); however, participants who reflected on failures before experiencing the psychosocial stressor exhibited a reduced cortisol response (red line). Participants did not exhibit significant differences at peak cortisol since completing our writing manipulation (T2). Cortisol values represent transformed and baseline-adjusted values (see section "Materials and Methods").](fnbeh-12-00045-g002){#F2}

###### 

Area under the curve from increase (AUCi) values across conditions.

                                  Mean     *SD*
  ------------------------------- -------- -------
  Failure Writing × TSST          3.57     20.38
  Control Writing × TSST          14.35    27.71
  Failure Writing × Filler Task   7.13     36.88
  Control Writing × Filler Task   --4.66   14.14

###### 

Effects of stress and writing manipulations on AUCi cortisol levels (full two-way ANOVA results).

                                   AUCi
  -------------------------------- -------------------------
  Corrected model                  *F*(1,95) = 2.31
                                   *p* = 0.081
  Stress group                     *F*(1,95) = 2.16
                                   *B* = 0.3.56
                                   *p* = 0.145
  Writing group                    *F*(1,95) = 0.01
                                   *B* = -10.78.
                                   *p* = 0.923
  Stress and writing interaction   ***F(1,95) = 4.61^∗^***
                                   ***B = 22.57***
                                   ***p = 0.034***

B, beta weight;

∗

p

\< 0.05;

∗∗

p

\< 0.01.

Behavioral Results
------------------

### Writing About a Failure Before Stress Buffers Against Stress's Effect on Performance

We examined the effect of writing group and stress group on errors of commission, errors of omission, and reaction time in the SART task. We found a significant main effect of writing group on reaction time, *F*(1,96) = 4.89, *p* = 0.029, $\eta_{p}^{2}$= 0.05, whereby writing about failures (regardless of whether the participant experienced a stressor) resulted in significantly slower reaction times on the SART (*M* = 637.83 ms, *SD* = 104.69 ms) compared to those who did not write about a past failure (*M* = 591.03 ms, *SD* = 104.79 ms). We also found a significant interaction of stress group and writing group on errors of commission on the task, *F*(1,96) = 4.55, *p* = 0.036, $\eta_{p}^{2}$= 0.05; participants who wrote about past failures before experiencing a stressor made significantly fewer errors of commission (*M* = 7.75, *SD* = 7.99) than those who did not write about a past failure before experiencing a stressor (*M* = 13.58, *SD* = 7.99). Our results suggest that writing about a past failure resulted in slower reaction times on the SART. Furthermore, writing about a past failure before stress resulted in improved performance. This is consistent with a previously documented speed-accuracy tradeoff in this task ([@B11]); indeed, here we also found a significant negative correlation between RT and error rates on the SART, *r* = -0.215, *p* = 0.034. See **Table [4](#T4){ref-type="table"}** for full MANOVA results and **Table [5](#T5){ref-type="table"}** for SART performance across condition.

###### 

Effects of stress and writing manipulations on SART performance (full two-way MANOVA results).

                       Commission                Omission           Reaction time
  -------------------- ------------------------- ------------------ -------------------------
  Stress group         *F*(1,95) = 0.40          *F*(1,95) = 3.09   *F*(1,95) = 2.37
                       *B* = -2.42               *B* = 7.04         *B* = -39.40
                       *p =* 0.527               *p* = 0.082        *p* = 0.127
  Writing group        *F*(1,95) = 2.20          *F*(1,95) = 0.54   ***F(1,95) = 4.89^∗^***
                       *B* = -5.83               *B* = 4.08         ***B = 39.95***
                       *p* = 0.142               *p* = 0.464        ***p = 0.029***
  Stress and writing   ***F(1,95) = 4.55^∗^***   *F*(1,95) = 0.46   *F*(1,95) = 0.11
  interaction          ***B = 6.89***            *B* = -3.92        *B* = 13.68
                       ***p = 0.036***           *p* = 0.500        *p* = 0.747

∗

p

\< 0.05.

###### 

SART performance across stress and writing group.

                         Failure Writing × TSST   Control Writing × TSST   Failure Writing × Filler Task   Control Writing × Filler Task
  ---------------------- ------------------------ ------------------------ ------------------------------- -------------------------------
  Errors of commission   Mean = 7.75              Mean = 13.58             Mean = 10.17                    Mean = 9.12
                         *SD* = 6.46              *SD* = 9.12              *SD* = 8.95                     *SD* = 7.15
  Errors of omission     Mean = 10.21             Mean = 6.13              Mean = 3.17                     Mean = 3.00
                         *SD* = 22.28             *SD* = 16.19             *SD* = 6.00                     *SD* = 6.23
  Reaction time          Mean = 618.13            Mean = 578.18            Mean = 657.53                   Mean = 603.89
                         *SD* = 112.50            *SD* = 107.33            *SD* = 118.93                   *SD* = 77.12

We also conducted the same MANOVA described above, and added AUCi as a continuous variable. While previously significant predictors remain unchanged, AUCi did not significantly predict any aspect of SART performance.

### Individual Differences in Writing Sample Content and Survey Battery

After controlling for multiple comparisons, we did not find any significant relationships across conditions regarding our individual differences measures (both survey and writing content ratings) and our physiological and behavioral results. See Supplementary Material for a correlation table of our survey battery results.

Discussion
==========

Previous research has suggested that acute stress is harmful to sustained attentional performance (e.g., [@B33]). However, previous research has also suggested that reflecting about past traumas or current anxieties can improve well-being ([@B31]; [@B30]) and immediate performance ([@B35]). We examined the effect of writing about past failures on cortisol responses to a new psychosocial stressor and sustained attentional performance after stress. We found that when individuals were subjected to the TSST, they exhibited increased cortisol levels, a typical response to a stressful event ([@B22]; [@B10]). However, when individuals wrote about a past failure before experiencing the psychosocial stressor, their cortisol response was attenuated, suggesting that writing about a past failure before experiencing a new stressor may lead to some reduction in one's physiological experience of stress. Moreover, higher stress responses were associated with poorer performance on a sustained attention task, but writing about failures before a stressor protected against the typical detrimental effect of acute stress on performance. Specifically, while stressed individuals who wrote about a control topic made the most errors of commission, stressed participants who had reflected on failures made the fewest errors of commission.

We did not find evidence that writing about failures alone leads to a significant increase or decrease of cortisol levels, counter to some literature that suggests that writing about past traumas itself affects stress ([@B31]). Instead, we propose that writing about failures may make a new stressor seem subjectively less stressful by comparison. Longitudinal data provides support for this claim, as past stressful experiences have been shown to allow an individual to adapt better to a new stressor ([@B20]). Specifically, Stress Inoculation Theory suggests that individuals who have experienced some level of lifetime adversity are more likely to exhibit resilience to a new stressor ([@B25]). Furthermore, early life adversity can lead to more adaptive cognition ([@B14]). In the same way that past stressful experiences may allow an individual to adapt to new stressors, writing about a past failure may allow an individual to adapt to a new immediate stressor.

Writing about a failure before experiencing psychosocial stress resulted in reduced cortisol reactivity, as well as better performance on the SART. Although some research has suggested that stress may affect performance in a U-shaped manner ([@B39]; [@B24]), others have found that increases in stress result in linear decreases in performance ([@B12]; [@B38]). Future work could further examine if there is a linear relationship between stress levels and performance in a sustained attention task.

We also found that writing about a failure resulted in increased reaction time on the SART. All participants in our experiment exhibited a speed-accuracy tradeoff: participants who had the slowest reaction times on the SART also exhibited the best performance. Taken together, these findings support previous claims that writing about a past failure may cause an individual to make slower, more deliberate choices in order to avoid another future failure, resulting in better performance ([@B11]).

One limitation of the current study is that we did not assess self-reported stress levels throughout the experimental session. A behavioral pilot study we conducted suggested that repeatedly asking individuals about their stress levels after writing about a past failure eliminated the behavioral effects of the writing manipulation. Post-event processing literature suggests that asking participants to repeatedly reflect on stressful feelings about an event can increase negative feelings about that event ([@B28]), and introspecting on an emotional response may actually change the response ([@B36]; [@B21]).

Although we found a significant interaction of stress and writing prompt on errors of commission, we did not find a significant main effect of writing group on errors of commission, unlike [@B11] and our follow-up study described in the Supplementary Material. This could have occurred because the task structure of our task varies from the task structure described in the two other studies: in this study, participants took a 2-min break halfway through the SART to provide a cortisol sample. This break could have improved attention on the SART, resulting in improved performance for all groups, and smaller performance differences between writing groups. Furthermore, in the two other studies, participants wrote about a past failure or control topic and immediately completed a sustained attention task. However, in the non-stress condition in this study, participants completed a filler task before completing the sustained attention task. Perhaps adding this filler task somehow affected performance on the sustained attention task, either because of the task itself or because of experimental timing.

While previous research has suggested that journaling may be beneficial to mental health ([@B1]), the current study suggests that writing about one's past failures might not only improve mental health and well-being, but also change the way an individual reacts to future stressors. Perhaps writing about a past failure increases perceived controllability over challenges. It has been shown that increasing perceived control alters the effect of stress on persistence ([@B5]). Future studies might investigate this possibility by assessing or manipulating perceived controllability during stress. Also, although we assessed various traits and tendencies that could contribute to our observed effects, it is unknown if there are other individual differences (e.g., a tendency to disclose, or previous experience with life stressors) that could moderate how strongly writing about a past failure affects stress and performance.

Conclusion
==========

We found that writing about past failures reduced one's physiological stress response to a new psychosocial stressor. Most importantly, we found that writing about a past failure before a stressor buffers against decreases in performance that are associated with high levels of stress. In a real-world setting, this information may be valuable to clinicians, as well as educators hoping to improve attentional performance. Since writing about test anxieties has already been shown to protect against the negative effects of stress on performance on a high-stakes exam in a classroom setting ([@B35]), this writing manipulation may be especially valuable to populations who exhibit high levels of performance anxiety.
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